Abstract. During the last 50 years the humus content in the arable layer of the soil in the basic agrarian regions of Ukraine (steppe and forest steppe) has diminished by 15-18 %. Optimisation of the structure of land areas and stabilisation of agricultural landscapes should be based on the soil indicators that ensure conservation of land. It has been substantiated that the contour-meliorative system of land use under the conditions of the development of farming enterprises as the main form of the contemporary land system should be modernised. Primary water collectors should be selected as the object of formation of this system. There are proposed new directions of measures to improve the protection of the soil mantle. The results of the conducted investigation will help stop the soil fertility deterioration process because of excessively high share of arable land and disregard of the ecological and agronomic land-use norms. It is prognosticated that the area of the arable land will decrease by 5.1 mln. ha, but the area of forests and protective plantations will increase by 2.7 million hectares, reaching the proportion of the territory covered by forests to 22 %.
Introduction
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ecological optimisation of the land-use system. The need to continue research on these problems is quite evident, especially in connection with the climate change and the increasing rate of precipitation.
Materials and methods
The purpose of this study is to develop main provisions for the optimisation of the land-use systems based on the construction of various models and the formation of agrolandscapes, their analysis, as well as the identification of directions and mechanisms for the improvement of the landscape land management under the conditions of Ukraine. Methodical approaches, based on the foundations of the theory of nature management, erosion and landscape studies are used in this work.
The main elements of optimisation and the land-use systems were considered in a complex and studied using three models (variants) with a different ratio of the area of the cultivated lands and forest areas according to the calculation-variant method. The first model envisaged an increase in the forest area to the European level (30 %) and a corresponding reduction in the arable land area; the second model envisaged formation of the composition of the land areas in a joint complex in accordance with the National Programme; the third one is based on the principle of achieving zero degradation of soil. Indicators of the percentage of arable areas and forests in the analysed territory are also taken into account in the most well-known models, when determining the soil erosion losses both in the Western Europe Revised Universal Soil Loss Equation (RUSLE) [9] , and similar studies under the conditions of Ukraine and Moldova in the 1980s [5] . Together with the criteria of precipitation, relief, soil susceptibility to erosion, types of farming, they are also criteria for establishing the level of soil losses to optimise the structure of landscapes and the land use systems. As a base level of the erosion degradation of lands, a 15.4 t·ha -1 intensity indicator of the soil losses is accepted.
When developing a system of measures to improve the contour-meliorative organisation of the territory, calculated methods for quantifying erosion losses of soils, estimating the intensity of erosion, ecological differentiation of lands, the design of forest landscapes and the hydrographical network are applied. When developing a system of measures to improve the contour-meliorative organisation of the territory, there were applied calculation methods for quantitative account of the soil erosion losses, estimation of the erosion intensity, ecological differentiation of areas, designing the forest landscapes and the hydrographical network. The generalisations and recommendations proposed in the work are based on the analysis of information contained in recent-time scientific publications and fundamental works of the domestic and foreign scientists.
The danger of soil erosion (S, years) was determined according to the formula:
where H -mass of the genetic horizon of soils, t·ha -1 ; P -washing soils, a year, t·ha -1 .
Value S indicates in how many years horizon H will be lost. Estimation of the erosion hazard of soils is carried out according to the data contained in Table 1 [14] . 
Results and discussion
The use and recovery of the soil fertility should be a joint continuous process, and the use and protection of land should be regarded as parts of a complex system of protection and improvement of the environment, as a whole. Creation of stable ecosystems having high self-regulating properties, with optimal ratios of forests, forest plantations, arable lands, meadows, pasture lands, swamps, urbanised territories, a controlled water regime and soil fertility is one of the main tasks of designing agrolandscapes and multicultural territories with the aim of forming stable agroecosystems. Land protection is a set of legal, economic, organisational and technological measures aimed at the rational use of land. The most important of them are prevention of unjustified retirement of land from the agricultural turnover, ecological optimisation of agrolandscapes, protection of soils from a harmful anthropogenic impact, recovery and raising soil fertility and productivity of the lands from the forest fund.
The basic elements of environmental optimisation of the agrolandscapes and the land-use systems are [9] :
• optimal share of the forest in the territory, which ensures to a great extent the stability of the agroecosystem; • optimal share of the arable land in the territory;
• a system of protected nature reserves, preservation of the ecological framework;
• preservation of the natural state of the water-swamp territories and construction of buffer water protection bands along small rivers, lakes, reservoirs; • introduction of a contour-meliorative system of organisation in the territory, including antierosion agrotechnical, forest-meliorative and hydrotechnical methods; application of crop rotations with an ecologically sound structure of the sown areas, anti-erosion technologies of soil cultivation.
In connection with the changes in the climatic conditions, in particular the rising temperature, intensified storm rainfalls and wind, the system of measures for ecological optimisation of the land use should be constantly improved. Analysis of the NOAA satellite data for 1982-2012 confirmed the temperature rise for 2012 in all administrative regions of Ukraine by 1.5-2.0°С. The complex of antierosion measures should embrace the primary water collectors of water sources as facilities to maintain agro-landscapes and contribute to the improvement of the normative and legal basis for the fight against erosion, especially in connection with the widespread extension of the leasehold land relations in agriculture [11] . The basis for the stabilisation of the land use is restoration of the previously lost correlation between the natural complexes -areas of meadows, pastures, forests, water and sowings. To this end, we have previously discussed three models of ecological optimisation of the land-use systems [11] . The first model provides for the reduction of the areas of arable land by 10 million hectares, the second -by 3.2 million hectares, the third -by 5.1 million hectares, with the simultaneous increase in the area of forests and protective forest plantations, respectively, by 7.5; 0.4; 2.7 million hectares ( Table 2) . The proposal to increase the areas of forests and other forest plantations in the country to 30 % of the entire territory is based on the EU land-use standards, characterised by a 31 % average degree of forests (without Russia). In addition, the reduction of the area of the arable land by 10 million hectares is not justified by the qualitative composition of its soil mantle since only 50 % of these arable lands belong to the degraded and poorly productive lands. According to the project of the National Program of the use and protection of land in Ukraine, the area of the forest plantations should increase only by 0.4 million hectares, which will not allow creation of forests on strongly eroded sloping lands (Variant 2). In general, it is planned to reduce the area of the arable land, due to their conservation, by 3.2 million hectares. This will lower the level (the share of arable land) to 48.5 % and will allow the creation of meadows and forests on the most part of the strongly eroded arable land. According to Variant 3 the forecast of the correlation of the arable land and forests was built by us on the basis of the degradation indicators of the soil mantle, that is, the areas of degraded, low-productive and technogenically contaminated soils, subject to conservation (their total area is 5.1 million hectares). It also takes into account to a sufficient degree the economic indicators of management on these soils. It is prognosticated that the area of the arable land will decrease by 5.1 mln. ha, but the area of forests and protective plantations will increase by 2.7 million hectares, reaching the proportion of the territory covered by forests to 22 %. Optimization of the structure of the land areas, carried out by the linear programming methods, led to the determination of the areas of arable land at the amount of 18.4 million hectares, and the natural forage areas -18.1 million hectares. This is, correspondingly, by 14 million hectares less, and by 10.3 million hectares more than the current areas of similar areas. Considering that from 1990 to 2016 the livestock population in Ukraine decreased 6.8 times, but the area of natural lands remained during this period at the level of 7.4-7.8 million hectares, it is difficult to agree with the fact that the area of these lands, prognosticated by the methods of programming, -18.1 million hectares (2.3 times more than the present one) can be attributed to the optimal one. The erosion losses of soils according to the models of ecological optimisation of the land use systems are: variant I -10.7 t·ha -1 , variant II -13.9 t·ha -1 , variant III -13.0 t·ha -1 . This, respectively, is less than the level of the existing losses by 30.5 %, 9.7 %, 15.5 %. This decrease in the intensity of erosion is a significant step in achieving a neutral level of erosion degradation of lands in the landscapes [12] . The reliability of the obtained results is confirmed by the data obtained from 6 local territories of Ukraine [11] . When comparing the experimental data by local areas, the coefficient of variation was 18 %, which indicates a fairly high accuracy. Among the negative processes, reducing the fertility of soils or leading to the loss of the soil mantle, in general, erosion occupies a special place. The factors determining the origin and development of erosion are the relief (a slope, a slope exposition, its shape), the geological structure of the soil-forming rocks, the physical and chemical properties of the soil, their tolerance to erosion, the climate, the impact of human economic activities. In areas subject to the water or wind erosion, the organisation of the territory should, as a rule, be anti-erosive [3] . The size of the slopes of the land surface, estimated on the basis of the data from the State Land Cadastre of Ukraine, is presented in Table 3 . .0 Agricultural lands are predominantly located on even lands with a slope angle up to 1º. However, 11.5 % of the arable land (with a slope of 3-5° and above 5°) need to create meadows and forests in these places. Transformation of this area into meadows and forest plantations, that is, ecologically sustainable lands, will prevent the erosion processes on them. For this it is necessary to develop projects for the conservation of the particular arable land.
The highest effect of the moisture-saving and anti-erosion measures is achieved under conditions of the contour-meliorative organisation of the territory, which is used on sloping lands with the arrangement of all the linear elements (boundaries of the fields, work sites, field roads) parallel to the field contours [10] . The essence of the contour-meliorative organisation of the territory is to arrange the crop rotations within the plots of arable land with homogeneous ecological conditions, to differentiate between the perennial plantations, hayfields and pastures, depending on the intensity of these areas, and to equip the territory of non-agricultural lands on the principles of ecological balance [14] .
Among the agrotechnical measures, which play an important role in fighting erosion, there are phyto-meliorative agronomic measures, agrochemical measures, anti-erosive treatment of soils, fertility increasing and their protection against erosion, achieving erosion resistance of soils. In the context of a contour arrangement of lands, fields and work sites, it is justified to arrange the crops in strips. Widespread use should be made of the treatment across the slope, contour machining and machining to form inclined furrows, non-plough tillage preserving the stubble, i.e. without overturning the layer, flat cutting and chisel tillage. Sowing systems "No-Till" and "Strip-Till" are used.
As it is known, the first task of productive agriculture is maintenance of lumpy soil structure [14] . It can simultaneously provide plants with moisture and nutrients, and therefore it must be kept in proper condition. Due to the fact that the upper layer of the soil gradually loses its useful properties and natural fertility, periodic restoration of the strength of the soil structure belongs to the second most important task of agriculture. The soil structure can be restored only gradually, during several vegetation periods. Since the loss of the soil structure is connected with the upper layer and its restoration by means of the lower layer does not take place, there is virtually no need for ploughing every year. This provision is basic for the introduction of the soil protection systems in agriculture.
Besides, the purpose of such an organisation of the territory is to ensure, in a complex of rational use, reproduction and protection of both the land and the water, as well as the plant resources. This organisation of the territory should facilitate recreation of conditions for the operation of an antierosion complex, close to natural ones, to ensure high water permeability and erosion resistance of soils.
According to the concept of the development of agriculture, approved by the Government of Ukraine in 1990, until 2005, it was intended to introduce anti-erosion measures on an area of 13.9 million hectares of arable land with a slope of more than 1º. In fact, the projects with a contourmeliorative organisation of the territory were developed for 8.2 million hectares of arable land, their elements -boundaries marked in situ, fixed with the appropriate signs, and complexes of anti-erosion works were implemented on a large part of the lands. This provided a possibility to ensure a deficitfree balance of humus in the soil, a positive balance ( + 21.3 kg·ha -1 ) of nutrients (NPK) during the period 1986-1990 in agriculture. For the first time a gross harvest of grain crops of 50 million tons was ensured. In addition to it, up to 148 kg·ha -1 of the active substance NPK, almost 9.5 t·ha -1 of organic fertilisers were introduced into the soil [12] .
In connection with the land reform implemented in the country (since 1991), the organization of the territory on the agricultural land has radically changed. Instead of the previously existing large agricultural enterprises, there are created market-type agrarian structures on the land of the statebusiness partnerships, private-leased enterprises, production cooperatives, farmers' and personal peasants' farms, 27.5 million hectares of agricultural land were divided into land shares and transferred to private ownership of 6.9 million citizens (the area of the share in the country averaged 4.2 hectares). During the reform process the boundaries of the land-use were changed. Attempts were unsuccessful to preserve the anti-erosion boundaries and crop rotations. There was suspended implementation of the anti-erosion measures, especially forest-meliorative and hydrotechnical measures. In addition to private investments, the anti-erosion complex badly needs financial support from the state budget. As a result of this, the area of the eroded land in Ukraine increased to 13.4 million hectares, and that of the arable land -up to 10.6 million hectares (32 % of the total area). The average humus content in the arable layer of soils decreased during the years 1991-2015 from 3.64 % to 3.16 % (Fig. 1) [13] . The erosion resistance of soils decreased, but the construction of anti-erosion hydraulic facilities has practically stopped.
Violation of one of the most important laws of agriculture, established in the nineteenth century by the well-known German scientist J. Liebich [17] , according to which, in order to preserve the fertility of soils, the farmer is annually obliged to return to the soil that quantity of nutrients taken out from it when harvesting agricultural crops, which causes dehumification of soils and degradation of the soil mantle. Variations in the humus content in the arable layer of soils [16] in three basic soil areals of Ukraine are shown in Fig. 1 . During the last 50 years the humus content in the arable layer of the soil in the basic agrarian regions of Ukraine (steppe and forest steppe) has diminished by 15-18 %.
Due to the fact that the area of the intertilled, export-oriented crops -sunflower, cornconsiderably exceeds the permissible standards, erosion and dehumification of soils is intensifying. Because of erosion up to 500 million tons of soil is lost a year in Ukraine. According to expert estimates, there are released about 24 million tons of humus, 0.96 nitrogen, 0.68 phosphorus, and 9.4 potassium [17] . During the twenty-five-year period, the area of the arable land decreased by 1.03 million hectares (the share of the ploughed territory (i.e. the share of the arable land in the territory) decreased by 3.1 %), and the area of the ecologically sustainable lands (forests and protective plantations, natural forage lands, water objects, water-swamp territories) increased by 0.94 million hectares (Fig. 2) .
When designing the contour-meliorative organisation of a territory, the most important element is differentiation of land by technological groups of use, a justified arrangement both of the land and the crop rotation, and objects of engineering and biological facilities. Each of the types of the agricultural land, depending on the way of its use and peculiarities of the relief, soils, other natural conditions, are divided into three ecological and technological groups. The areas of non-agricultural lands, depending on the specificity of their environmental protection system, are also divided into three groups. Thus, the entire massif of land of each owner, a land user with the right of permanent use or lease, is subject to ecological differentiation [13] .
According to the norms that were in force, to the first ecological and technological Group I of arable lands belonged non-eroded and slightly eroded areas of land on slopes up to 3º; to group IImainly medium washed out, partially weakly and strongly washed out, seldom undiluted lands, with a slope of 3-7º; to Group III -lands with a steepness of slopes over 7º. While implementing differentiation of the territory during the development of projects, a careful approach is necessary to the definition of boundaries between the groups of lands, specification of borders between the massifs of owners and users, correcting them, if necessary, and linking them with the relief of the terrain on the land consolidation principles [16] . It is important to establish indicators of the actual intensity of the soil washout [16] and the degree of the soil erosion hazard [17] . According to expert estimates, the losses of the agricultural product due to the soil erosion exceed 9-12 million tons of grain units per year. In accordance with the data published by the World Bank in 2014, there are 10 tons of washed-away soil in the agriculture of Ukraine for every ton of grain grown [18] . The most important role in the regulation and preservation of favourable environmental parameters belongs to forest plantations. When designing the contour-meliorative organisation of the territory, in addition to continuous plantations on the slopes, sands, pastures, buffer zones of national parks, nature reserves and wildlife sanctuaries, various types of forest belts were used. Besides, the range of protective actions for different types of forest plantations (in meters) is determined depending on the height of the trees (H), and it is presented in Table 4 [15] . The height of the forest stand (H) is determined depending on the species composition of the forest plantations. Depending on the type and purpose of the plantations, the coefficient, multiplied by the average height of trees of a particular species used in the calculations (the height factor), varies from 10 to 35. Table 4 Influence of the kind of protective forest plantations upon the distance of their protective action
Kind of forest plantations
Distance of protective action of various kinds of forest plantations, m Forest belts that protect fields 35 Н Forest belts that regulate the flow of water (precipitations) 25 Н Forest belts and plantations along rivers, around water reservoirs, ravines 15 Н Continuous forest plantations (along the perimeter of the fields) 5-10 Н Forest belts along the roads 30 Н An integral part of the complex of anti-erosion measures are hydrotechnical structures designed for complete water runoff detention, or its partial detention and safe removal of that part of the runoff, which cannot be absorbed by the soil. Removal of excessive runoff is carried out by means of chute channels, cascade drops. The bottoms and walls of ravines and gulches are strengthened by dams, retaining walls. Construction of reservoirs for the flow regulation is carried out (dams-estuaries, antierosion ponds). Among the water-detention structures in Ukraine, the most widespread are dams, dams-ditches, dams-terraces characterised by small height (0.3-0.6 m), slopes that are not steep, with the width of the base allowing unimpeded passage of tractors and other agricultural machines. Being simple earthwork structures, these dams are sufficiently economical. The construction cost of one running meter of a usual dam is 5-10 USD, and of the wall-terrace it is 35-55 USD. The fluctuations in the cost of work within a single region (with the same relief and type of soil) constitute 25 %.
The main functions of soils cannot be ensured in cases where there is no control system of the soil formation and phytosynthesis processes, and proper control over the development of the degradation processes is not carried out. The creation of joint territorial cooperatives in Ukraine, the transfer of the land management functions to them and the need to optimise the structure of landscapes actualises the need to return to the organisation of the land use by means of the contour-meliorative organisation of the territory.
The solution of the problems of efficient land use, soil protection from degradation is provided by the National Action Plan to Combat Land Degradation and Desertification, adopted by the Government in March 2016 (developed on the basis of the UN Convention). In constructing a system of the contour-meliorative organisation of territories at the present time, one should proceed from the premise that each primary water collection point of the basin should have its own, ecologically motivated structure of elements (the correlation of agricultural areas, forests, natural surface waters, water-swamp areas, non-agricultural lands) ensuring the landscape stability, as a whole. The principle of complex implementation of anti-erosion measures simultaneously across the entire territory of the basin should prevail over the other requirements and options of solution, preventing simplified approaches, especially by differentiating the land use only for the arable land (unfortunately, taking place in practice). It is recommended to divide the second ecologic-technological group (with slopes 3-7º) into two independent groups (Group II -from 3 to 5º and Group III -more than 5º). It is proposed to preserve the arable land with slopes over 5º by laying out meadows and pastures there. There are specified the composition of agrotechnologies and organisation principles of the territory by individual technological groups. Introduction of the contour-meliorative organisation of the territory is now considered in Ukraine also as a factor to be used for the needs of bioenergy of land conservation areas, continuous creation of meadows on the arable land and forests on the sloping lands for the erosion control purposes.
Conclusions
1.
In the system of measures to improve the efficiency of using the land resources, priority is given to ecological optimisation of the structure and proportion of lands in the agrolandscapes, introduction of an adaptive landscape system of the land management with a contour and meliorative organisation of the territory, considering the soil, landscape and climatic factors. 2. The highest effect of moisture-saving and anti-erosion measures is achieved under conditions of the contour-meliorative organisation of the territory. 3. An improved model for the formation of agrolandscapes and differentiation of the land use for all types of land is recommended. The object of formation of this system should be the primary water collectors.
